Background One of the most important goals of primary total knee arthroplasty (TKA) is to achieve a functional range of motion (ROM). However, up to 20% of patients fail to do so, which can impair activities of daily living. Questions/purposes The purpose of this study was to evaluate the effect of various (1) demographic factors;
Introduction
One of the most important goals of TKA is to achieve a functional ROM [4] . According to gait analyses and biomechanical studies, patients require at least 83°of flexion to ascend stairs, 90°to 100°to descend stairs, 93°to 105°to rise from a standard or short chair, and more than 115°to squat or kneel [3, 11, 13] . However, up to 20% of patients may develop knee stiffness and achieve knee flexion of less than 90°after their index arthroplasty [12, 17, 19, 28] . If left untreated, knee stiffness reduces the functional outcomes of patients including their daily living activities and satisfaction [25, 26] .
There is no consensus on what factors might be associated with stiffness after TKA. Decreased preoperative ROM, younger age, genetic predisposition, diabetes mellitus, socioeconomic status, previous knee surgery, malpositioning of the prosthesis, inadequate resection, lack of patient compliance with rehabilitation as well as complex regional pain syndrome have all been proposed to influence this condition [1, 2, 5-7, 11, 13-16, 18-23, 29] . However, not all of these factors have been identified by all studies, and many of the reports on the topic have small sample sizes and have failed to account for various confounding variables using multivariable regression analyses. We therefore sought to more extensively evaluate the effect of various demographic factors, patient characteristics, and comorbidities in our practice on the incidence of manipulation under anesthesia (MUA), which was used as an indicator of knee stiffness after primary TKA. Specifically, we compared (1) demographic factors such as age, sex (men-to-women ratio), body mass index, and race; (2) comorbidities such as diabetes, cardiovascular disease, hypertension, hypercholesterolemia, multiple joint disorders, and tobacco smoking; and (3) knee-specific factors such as the underlying cause of knee arthritis (osteonecrosis or osteoarthritis), pre-TKA ROM, and the type of implanted prosthesis (cruciate-retaining versus posterior stabilizer [PS] ) between patients who did and did not develop knee stiffness.
Materials and Methods
We reviewed our database of all patients who had undergone a primary TKA at two high-volume institutions by four surgeons between January 2005 and December 2011 to determine the number of patients who had received a MUA, which was used as an indicator of knee stiffness.
During the period in question, all patients who underwent an MUA had completed a course of rehabilitation before being offered MUA; patients who were not gaining or were losing ROM were offered MUA. In our institutions, all surgeons generally had a low threshold for performing early MUAs. All patients with \ 110°ROM at 6 weeks post-TKA (range, 3-48 weeks) with no recent gains after physical therapy were offered MUA. Patients with certain religious, cultural, or personal reasons requiring higher ROM such as kneeling specifically requested higher flexion ROMs. Absolute contraindications for manipulation included ongoing infection, component malalignment, elevated joint line, or not being able to tolerate anesthesia. Lack of extension was not used as an indicator for MUA; however, all patients with greater than 10°of flexion contracture were excluded from this study. In 36 patients who met absolute or relative indications for MUA, the procedure was delayed 3 to 30 weeks because they initially declined their treating surgeon's recommendation to undergo the procedure. Also, 14 patients had continued to refuse the procedure until final followup. These patients were not included in the study or the comparison cohort in this report.
Of the total of 3182 TKAs, 156 knees in 133 patients who had undergone MUA were identified. We had records on 3146 of the 3182 at 3 months, which was the point in time by which 77% (121 of 156) of the MUAs had been performed. These patients were compared in a one-to-four ratio with group of patients with satisfactory ROM drawn from the same database who met prespecified criteria and who had not undergone MUA. In the comparison cohort, all patients had minimum knee flexion ROM of 115°at minimum 2-year followup; no patient had developed knee stiffness or had requested or was offered MUA. All available medical records, including admission history and physical examinations, preoperative studies, postoperative and discharge reports as well as office notes, were reviewed. Appropriate institutional review board approval for this study was obtained from each institution.
A standard medial parapatellar approach was performed for all TKAs at both institutions. All patients received cemented TKA prosthetic components (the majority had received either Triathlonimplants were cruciate-retaining (CR) and 26% were PS. During rehabilitation after the index arthroplasty, all patients were encouraged to fully weightbear in the immediate postoperative period. All patients underwent routine postoperative rehabilitation protocols, including 4 weeks of quadriceps muscle strengthening, gait, and ROM exercises.
All data were recorded using an Excel spreadsheet (Microsoft Corporation, Redmond, WA, USA). Statistical data analysis was performed in SAS Version 9.2 (SAS Institute Inc, Cary, NC, USA) using Fisher's exact test, paired two-tailed Student's t-test, and logistic regression models to compare differences in various demographics, patient characteristics, and comorbidities between patients who received MUA to patients who did not. A p value of \ 0.05 was used as a threshold for significance.
Results
The only demographic findings we found that were associated with MUA were nonwhite race, which was associated with more MUAs, and age C 65 years, which was associated with fewer MUAs (Table 1 ). After controlling for confounding variables, nonwhite race was associated with twofold higher odds ratio (95% confidence The only comorbidities that were identified to be associated with higher frequency of MUA were diabetes, high cholesterol levels, and tobacco smoking. After controlling for confounding variables, diabetes was associated with 1.7 OR (95% CI, 1-2.3; p = 0.03), high cholesterol levels with 2.7 OR (95% CI, 1.10-6.61; p = 0.03), and tobacco smoking with 1.6 OR (95% CI, 1.03-2.47; p = 0.03) of higher frequency of MUA. However, the presence of any of the following comorbidities was not associated with a higher frequency of MUA: hypertension (OR, 1.16; 95% CI, 0.51-2.65; p = 0.72), cardiovascular disorders (OR, 2.18; 95% CI, 0.80-5.96; p = 0.12), gastrointestinal disorders (OR, 0.69; 95% CI, 0.29-1.65; p = 0.40), and hypothyroidism (OR, 1.65; 95% CI, 0.85-2.83; p = 0.071).
The only knee-specific factors that were associated with higher frequency of MUA were lower preoperative knee ROM and an underlying diagnosis of knee osteonecrosis. After controlling for confounding variables, preoperative knee ROM of greater than 100°was associated with 0.8-fold (95% CI, 0.77-0.84; p \ 0.0001) lower OR and underlying diagnosis of knee osteonecrosis was associated with 3.6-fold (95% CI, 1.29-10.1; p = 0.014) higher OR of undergoing MUA. There was no difference between PS compared with CR prostheses (OR, 0.89; 95% CI, 0.24-1.35; p = 0.41).
Discussion
Knee stiffness after primary TKA is a debilitating condition for patients and, if left untreated, can negatively affect patient satisfaction and functional outcomes including activities of daily living [1, 27] . This is because many daily activities, including descending stairs, rising from a chair, or tying shoelaces, routinely require more than 90°of knee flexion [13, 24] . Previous studies on this topic generally had small sample sizes and failed to account for various confounding variables using multivariable analyses. Thus, we attempted to evaluate the association of various demographic factors, patient comorbidities, and knee-specific factors on the frequency of MUA after TKA, which was used as a surrogate for knee stiffness after primary TKA. This study examined the contribution of various potential preoperative, intraoperative, and postoperative risk factors in an attempt to identify important sources of knee stiffness in our practice. After controlling for potential confounding variables, we found, that nonwhite race, age older than 65 years, diabetes, high cholesterol, tobacco smoking, knee osteonecrosis, and decreased pre-TKA ROM were associated with an increased frequency of undergoing MUA. There were several limitations of this study. This was not a prospective study that could have potentially reduced sampling biases; however, we had attempted to reduce this by choosing the comparison group of patients from the same database, during the same time period, and same surgeons who had met prespecified criteria. MUA was used as an indicator to identify patients who had developed stiffness after TKA; thus, an unknown number of patients may have had poor motion but elected not to proceed with further surgery. Nonetheless, we generally adhered to the indications defined in this study, and we believe it was a generally good surrogate for knee stiffness during the period of study. Indications to undergo knee MUA may have been different for this study compared with other institutions. Evaluation of preoperative narcotic medication use was not performed in this study; however, we have previously reported on the effect of narcotic use in TKA. Intra-and postoperative contributing risk factors such as overstuffing of the patellofemoral joint, mechanical knee alignment, joint line elevation, patellar complications, or poor patient compliance with physical therapy were not evaluated in this study. Also, preoperative functional outcomes were not measured between the two cohorts; however, our previous reports have evaluated these metrics.
Previous studies have also attempted to evaluate the effects of various patient demographics on the frequency of MUAs. Springer et al. [26] evaluated patients undergoing 1557 TKA, of whom 521 required MUA resulting from knee stiffness. In their bivariate analyses, they reported that there were no differences with respect to sex (p = 0.16), BMI (p = 0.58), or femoral component design (p = 0.52) between patients who had received a MUA compared with those who had not. However, the MUA cohort was younger (60 versus 65 years; p \ 0.0001), had a higher proportion of nonwhite patients (13% versus 6%; p \ 0.0001), had more patients with private insurance (63% versus 43.5%), and had fewer with Medicare coverage (29.6% versus 52%). In their multivariable regression model, nonwhite race and patients \ 45 years had twofold higher odds of undergoing manipulation compared with whites and patients [ 75 years. These outcomes are comparable with our findings that younger age and nonwhite race were associated with higher OR of MUAs. Although we do not know the exact genetic, biological variation, and biomechanics of stiffness between different age groups or among various races, higher demand for work and/or physical activity in younger patients and a lower threshold for it may partly explain the higher frequency of MUA in younger patients.
Concerning comorbidities, Robertson et al. [22] compared the outcomes of 367 TKAs in patients who had Type 2 diabetes mellitus with a matched nondiabetic control group. They reported that at 1-year (p \ 0.001) and 5-year (p \ 0.001) followup, patients who had diabetes had lower maximal flexion and total ROM compared with the nondiabetic control group. Their results were consistent with the findings from our study in that diabetics had an increased risk of undergoing MUA compared with nondiabetics. Our study also found more knee stiffness in patients who had a diagnosis of osteonecrosis compared with those who had osteoarthritis. In addition, the prevalence of hypothyroidism in our MUA cohort was noteworthy. To our knowledge, no previous study has identified these comorbidities as potential contributing factors to knee stiffness. Although we do not know the exact mechanism leading to stiffness with these diseases, hypothyroid disorders may cause musculoskeletal pain [8] and indirectly contribute to lower ROM in some patients.
Regarding knee-specific factors, lower preoperative knee ROM has been reported to be a contributing factor to postoperative knee flexion according to many previous studies, which is in agreement with our study [9, 10, 16, 19, 21] . In our study, a lower preoperative knee ROM was associated with a higher odds ratio of MUA (and indirectly stiffness). However, a recent report found that preoperative ROM was not a predictor of final ROM [23] . Russell et al. [23] evaluated 153 TKAs performed using a rotatingplatform posterior cruciate-substituting design. Patients were divided into two groups (Group 1 \ 95°, Group 2 [ 95°) based on their preoperative ROM. At 12 months followup, they reported no differences in flexion ROM (mean 120°versus 123°) or Knee Society scores between the two groups. Potential reasons for these differences compared with our study may partly be the result of baseline variations in patient demographics, types of prostheses, rehabilitation protocols, surgeons' threshold to perform MUAs, and preoperative narcotic use differences between the two studies.
In summary, knee stiffness after TKA has a multifactorial etiology with several risk factors, including demographic variables, specific comorbidities, and certain diagnoses. Important findings included a higher frequency of MUAs with nonwhite race and a lower frequency of MUA with older age. In comorbidities, diabetes, high cholesterol levels, and tobacco smoking were associated with an increase in the frequency of MUA. In knee-specific factors, preoperative knee ROM of less than 100°and knee osteonecrosis were associated with increased frequency of MUA. We found no evidence that retention or sacrifice of the posterior cruciate ligament played a significant role and no differences between men and women after controlling for potential baseline confounding variables. Patients may benefit from preoperative counseling when they have multiple risk factors to set realistic ROM expectations. More prospective studies are necessary to better evaluate if specific patient demographics or comorbidities may affect the frequency and clinical outcomes of MUA.
